PUBLIC INTEREST STATEMENT
Public water supply is cheaper compared to private water supply, helps to reduce diseases and also helps the economy to grow. Our research revealed that the inadequate public water supply in Lagos State is caused by high and increasing population, poor performance of existing waterworks, high pipe leakages, poor coverage of existing waterworks, inadequate number of waterworks and poor collection of water fees which limits expansion. Lack of improvement in the public water supply will limit development and quality of lives across the State. Therefore, it is recommended that more waterworks should be built every year to cover unserved areas, challenges limiting the performance of each waterworks should be addressed and more areas, houses and industries should be connected. In addition, appropriate metering as well as easy, flexible payment options should be utilized to improve water service fee collection.
Introduction

Importance of public water supply systems
Strategic management and provision of sustainable public water supply is essential and crucial for the future of the world's economy, economic and industrial development, protection and improvement of public health, improving the quality and standard of living, ecosystem preservation as well as poverty alleviation and eradication especially in developing countries (Bartram & Cairncross, 2010; Biswas, 2008; Huttly et al., 1990; McDonald et al., 2014; Saravanan & Gondhalekar, 2013) .
Most developed and developing countries are at risk of severe water shortages in the 21st century if urgent steps are not taken (Mitrica, Mitrica, Enciu, & Mocanu, 2017) . This is because water supply poses a huge challenge to most urban, peri-urban and rural areas in developing countries (Balogun, Sojobi, & Oyedepo, 2016; Sojobi, Danhunsi, & Afolayan, 2015; Sojobi, Owamah, & Dahunsi, 2014) . Though these challenges are enormous, with pragmatic steps, they are surmountable.
Public water supply accounts for 90% of water supply in middle and low-income countries (Hall & Lobina, 2006) and serves domestic, institutional, industrial and commercial functions while domestic water supply represents between 50-70% of public water supply (Ayanshola, Sule, & Salami, 2013; Lu & Smout, 2008) . Improvement in water supply contributes to health equity by reducing the link between poverty and disease (Bartram & Cairncross, 2010) , prevents approximately 2.4 million deaths annually and averts approximately 7% of global burden of diseases and 19% of child mortality worldwide (PrussUstun, Bos, Gore, & Bartram, 2008) .
Furthermore, provision of public water supply leads to 3.6% increase in per capita GDP growth along with improved sanitation (Sanctuary, Tropp, & Haller, 2004) , contributes to socio-economic development and well-being (Ayanshola et al., 2013) , increases school attendance as a result of reduction of water-borne diseases (Kosec, 2014) and is one of the indices of development (Hutton & Haller, 2004) .
In terms of cost, public water sources are 4-10 times cheaper compared to private sources (Jideonwo, 2014) while private water sources cost twice the amount to operate and maintain costs of a piped distribution system (Whittington, Lauria, & Mu, 1991) . Despite its cheapness, approximately 1.2 billion people still lack access to safe drinking water in developing countries owing to lack of effective large scale water-supply infrastructures (Gadgil, 2008) .
Worldwide, it is estimated that the global cost of meeting the millennium development goal (MDG) target for water and sanitation ranges from US$ 6.6-75 billion per annum (UN-Water, 2008) while the health costs to households and national health systems, as a result of inadequate water supply, is estimated at US$ 340 million and US $67 billion (Hutton & Haller, 2004) . In addition, approximately 9% of GDP is the cost of inadequate water supply (Bartram & Cairncross, 2010) .
Consistent and apparent shortfalls in public water supply have forced many households to resort to unwholesome water sources that are not potable. Most studies on public water supply neglect water losses and do not consider different population growth rates as well as different water consumption rates. Failure to account for these important factors may lead to over-estimation or underestimation of the real situation, which can be misleading to policy makers. Inclusion of the aforementioned factors will ensure robust decisions are made regarding public water supply towards achieving resilient public water supply systems.
This research, which is the first of its kind, therefore intends to ascertain the root cause(s) of the problem and proffer measures to ameliorate this problem using available data and in-depth literature studies.
Materials and methods
Study area
Lagos State is one of the fastest growing and emerging urban coastal cities in Sub-saharan Africa (Sojobi, Balogun, & Salami, 2016) . As the commercial capital and economic hub of Nigeria and West Africa, it has five ports and generates between $32-$52 million internally generated revenue (IGR) monthly (Filani, 2012) and contributes about 60% of Nigeria's non-oil revenue (Adelekan, 2010) . As a burgeoning coastal city located in Southwest Nigeria, it is bounded by the Atlantic Ocean in the South, Benin in the West, Ogun State in the North and East as depicted in Figure 1 . Its climate is characterized by two major climate/vegetation namely freshwater swamp and wet lowland tropical rainforest climates and two minor climate/vegetation namely dry lowland rainforest and southern guinea savannah as shown in Figure 2 . The study area is the coastal plain sand (CPS) geomorphological unit of Lagos State with some alluvium deposits shown in Figure 3 and it lies approximately between Latitudes 6° 30′N and 6° 40′N and Longitudes 3° 00′E and 4°00′E. The study area occupies approximately 73.63 km 2 area of land which covers distinct geographical settlements as shown in Figure 4 . The region is drained by dendritic drainage system comprising some rivers such as Rivers Abesan, Berre, Ibu, Ore and Owo to mention a few which flow into the Lagos Lagoon which ultimately discharges into the Atlantic Ocean .
Geologically, the CPS which consists sand and gravel is underlain by four hydrogeological units namely the Benin Formation, Abeokuta Formation, Ilaro and Ewekoro Formations (Aketoyon, Ogundele, & Soladoye, 2010; Longe, Malomo, & Olorunniwo, 1987) . The coastal plain sand thickens from its outcrop area in the north to the coast in the south with increase in sand formation to the south (Longe et al., 1987) . Hydrogeologically, the aquifer in the study area is divided into five aquifers and the depth and thickness of each of the aquifer varies across the State as depicted in Figure 5 . Groundwater occurrence in the study area varies from confined, semi-confined to unconfined and consists mainly of sand and clay (Adelana et al., 2008; Longe, 2011) . Depending on the location, the first aquifer, located in the Benin formation, varies from a depth of 3-60 m as shown in Figure 5 and is usually accessed through shallow hand-dug wells which is susceptible to anthropogenic pollution. According to Obiora and Onwuka (2005) , any borehole/well with a depth <70 m is regarded as shallow. The second aquifer, located between Apapa and Lekki at depths of 120-190 m contains brackish water which is not suitable for drinking. The third aquifer, which consists of the major fresh groundwater in the study area is located at varying depths of 40 m at Afowo, 160 m at Apapa, 150 m at Victoria Island and 180 m at Lekki but different thicknesses of 100-200 m. The third aquifer is usually accessed for groundwater public water supply. The fourth aquifer, which consists mainly clay, is not usually accessed because it is a very poor potential for groundwater.
In terms of population size, Lagos State is estimated to have population size ranging from 24.5 million in 2015 to 29 million in 2025 (Lagos Water Corporation, 2011; United Nations Human Settlements Programme (UN-Habitat), 2008), even though this estimate has been questioned by Potts (2012) based on the population estimate released by Africapolis Team (2008) . The population growth rate was estimated to range between 2.35 and 8% (Africapolis Team, 2008; Oyegoke, Adeyemi, & Sojobi, 2012; Potts, 2012 ; United Nations Centre for Human Settlements, 1996; World Bank, 2012) .
Furthermore, there have been concerted calls to improve the public urban water supply in Lagos State (Jideonwo, 2014; Longe, Kehinde, & Olajide, 2015; Olajuyigbe, Rotowa, & Adewumi, 2012; Omole, Ndambuki, Badejo, Oyewo, & Soyemi, 2016; Olukanni et al., 2014; . According to Sample, Awopetu, and Harou (2013) , residents in Lagos State utilize different multiple sources to meet their water demands. The author revealed that high-income households get 95% of their water from boreholes, while medium-income households source 38% of their water from wells and 54% from public/commercial boreholes and vendors while low-income households obtain 59% of their water from wells and 36% from boreholes. The author also stated that the type of water sourced depends on price, quality and proximity. Therefore, water supply data was obtained from Lagos Water Corporation covering all the existing waterworks spanning ten years from 2004-2013. The locations of each waterworks is shown in Figure 6 . Trends in the public water supply were studied. In addition, to ascertain existence of inequality in water supply distribution across the various LGAs, the State was divided into three income classification namely low-income, middle income and high-income LGAs as depicted in Figure 7 before statistical analyses were implemented.
The high-income, middle-income and low-income areas correspond to the urban areas, semi-urban and rural areas. Income classification was also utilized by Sample et al. (2013) for Lagos State. Oteri and Ayeni (2016) reported that Lagos comprises 32.53% urban communities, 21.96% semi-urban and 45.51% rural communities as depicted in Figure 8 , which implies uneven development within the State. 
Data collection, methods and analysis
Each
LGA was differentiated using configurations such as high-income, middle-income and low-income corresponding to urban, semi-urban and rural areas as shown in Table 1 to be able to determine appropriate water demand for each LGA. This is because domestic water demands and consumption patterns vary with different income status as reported by Samuel (1986) . Empirical studies have shown that household income classification dominates population classification in terms of water demands (Dagnew, 2012; Fan, Liu, Wang, Geissen, & Ritsema, 2013; Morote, Hernandez, & Rico, 2016; Romano, Salvati, & Guerrini, 2014) . Upper and lower estimates of public water demand-supply and water demand-supply gap were given as recommended in literature (Husselmann & Van Zyl, 2006) .
Population forecast for 2020, 2030, 2040 and 2050 was done for each LGA using 2011 population figure as the baseline and three growth rates obtained from literatures namely:
2.35% lower growth rate (LGR) (Africapolis Team, 2008; Potts, 2012) , 8% high-growth rate (HGR) (George, 2010 ; United Nations Centre for Human Settlements, 1996) and the 3.2% medium growth rate (MGR) given by Lagos Water Corporation (2016).
Since data for monitoring income evolution across each LGA is not available, evolution of urban, semi-urban and rural LGAs within the State over the study period was monitored using the population size classification given by Bhagat (2005) .
LGA with population of < 50, 000, 50,000-499,999 and > 500,000 were classified as rural, semi-urban and urban. 
Evaluation of water demand and water supply-demand gap
Accurate water demand/consumption is required to aid management decisions and investment choices (Buck, Soldati, & Sunding, 2015) . Therefore, careful analysis of water demand is very necessary. As displayed in Table 1 , Lagos State comprises urban, semi-urban and rural areas. In terms of water demand, the urban, semi-urban and rural areas were assigned water demands of 120-150, 70-12 and 50-70 lpcd respectively.
The residential water demand for the urban areas (120-150 lpcd) complied with the 120 lpcd national standard water demand reported by Ezenwaji, Eduputa, and Okoye (2016) and Martins (2001) for Nigeria and the 120 lpcd reported by Samuel (1986) for high-income areas in Nairobi and likewise captured the range of 120-143 lpcd reported by European Green Capital Award (2012/2013) for Nantes in France and 150 lpcd reported by UKEA (2008) . Also, the 70-120 lpcd water demand for semi-urban areas captured the 114-115 lpcd obtained by Samuel (1986) for middle-income areas in Nairobi and the >100 lpcd optimal access reported by WHO (2003) .
In addition, the 50-70 lpcd water demand of the rural areas captured the 50 lpcd basic water requirement for domestic water adopted by the international community (Gleick, 1996) , the maximum 50 lpcd reported by Samuel (1986) and 50 lpcd recommended by WHO (2003) for intermediate water access.
Population forecast was done using the equation given by Keyfitz and Caswell (2005): where A = Forecasted future population in n years' time; P = Baseline population of 2013; r = annual population growth rate; n = number of years from the baseline population year to the future population year, which was 7, 17, 27 and 37 years for 2020, 2030, 2040 and 2050 respectively. It is assumed that growth rate remains constant over the projected timeframe.
Water demand and water supply-water demand gap were calculated for five scenarios namely:
(1) low growth rate (LGR) of 2.35% (Africapolis Team, 2008; Potts, 2012) (2) medium growth rate (MGR) of 3.2% (Lagos Water Regulatory Commission (LSWRC), 2016) (3) high-growth rate (HGR) of 8% (George, 2010 ; United Nations Centre for Human Settlements, 1996) (4) 120 lpcd National water demand standard (flat for all LGAs) (5) 139 lpcd optimal water access estimate recommended by Okeke, Oyebande, and Odunuga (2011) (flat for all LGAs).
For the first three scenarios, the upper and lower limits of the per capita water demand were evaluated to take care of the variability within each configuration as shown below.
For the low-growth, medium-and high-growth rates scenarios, their total residential annual public water demands were evaluated as follows:
where Q UL = Total annual water demand in the Lagos State for upper limits of per capita water demand for all the various LGA classifications; Q LL = Total annual water demand in the Lagos State for
(1)
lower limits of per capita water demand for the various LGA classifications; q (J,UL) = Upper limit of annual per capita water demand for each LGA; q (J,LL) = Lower limit of annual per capita water demand for each LGA; P j = Annual population of each LGA.
For the last two scenarios, their annual water demands were evaluated as follows:
where Q NWS = Total annual water demand using National water demand standard for Nigeria; Q OA = Total annual water demand using optimal water demand estimate under optimal access scenario; q NWS = Annual per capita water demand using National water demand standard; q OA = Annual per capita water demand using Optimal water access estimate.
In order to calculate the total annual public water demand (TAPWD), the total residential annual public water demand obtained was multiplied by 100/70 to accommodate commercial and industrial demands as well as public institutional water demands. This is because the residential customers of LWC constitute approximately 70% of the total customer base, while the industrial and commercial customers make up approximately 20% of the customer base and the public institutional customers was approximated to 10% (Lagos Water Corporation, 2016; Nairobi City Council, 1977) . This method was used because of paucity of published data on water demands for institutional and commercial customers and public institutional customers.
Total annual public water supplied (TAPWS) was calculated as the sum of all the water supplied by each of the waterworks annually. Forecasted total annual public water supplied for 2020, 2030, 2040 and 2050 were obtained using the linear equation obtained from Figure 9 using the 2013 total annual public water supplied as the baseline.
Actual total annual public water supplied (Actual TAPWS) was obtained taking into account the water losses and unaccounted for water of 60% reported by Ayeni, Omojola, and Fasona (2016) and Jideonwo (2014) and losses of 60-80% reported by Omole et al. (2016) . A conservative value of 60% was chosen for our analysis because it was common to the three above literatures.
where S AT = Actual total annual public water supplied after accounting for losses in the distribution system; S T = Total annual public water supplied without accounting for losses in the distribution system. Actual total annual public water supplied was evaluated for two public water supply scenarios. Scenario 1 was when 227.93 ML of public water was added yearly to the public water supply system while scenario 2 was when no extra public water was added beyond 2020.
The total annual public water supply-demand gap (G T ) was obtained as the difference between actual total annual public water supplied and corresponding water demands for the various scenarios considered.
where G AT = Total Annual Public Water Supply-Demand Gap; Q j = Total Annual Public Demand for each scenario, j. Each scenario j = 1, 2, 3, 4, 5 corresponds to 2.35, 3.2%, 120, and 139 lpcd scenarios.
The operational efficiency of each waterworks was evaluated using the public water supplied (i.e. their public water supply output) as a percentage of their installed capacities which varies from one waterworks to the other.
where η = Operational efficiency of each waterworks (%); C = Installed capacity.
Results and discussion
Population size and trends
Under the low-growth rate scenario as shown in Figures This enormous population size portends huge challenge and opportunities for Lagos State Government and private sector. In addition, it implies that the strategic planning to be adopted to meet the State infrastructural needs including water to sustain the quality of life within the State must of necessity involve a quantum leap which must be different from those utilized in previous administrations.
Based on income classification for water demand, our study revealed that Lagos State is largely semi-urban with 82.49% of the population living in semi-urban areas, 10.4% in rural areas and 7.11% living in urban areas as depicted in Figure 14 . Massive infrastructural developments in the rural areas will go a long way to decongest the semi-urban areas characterized by agglomeration and ensure even distribution of the population, which will help improve the quality of life in the State. Our result was totally different from the results of Sample et al. (2013) who reported a largely rural community of 45.51%, semi-urban communities of 21.96% and urban areas of 32.53%. The difference in composition could be due to our focus on LGAs which are bigger than communities and can comprise different mix of communities while the focus of Sample et al. (2013) was on community, which is smaller compared to LGA. Our analysis is accurate because we utilized actual population figures published by Nigerian Bureau of Statistics.
In terms of evolution of the LGAs, by 2030 between 15-20 of the LGAs would have evolved into urban LGAs and by 2050, almost all the LGAs would have been urbanized as depecited in Table 2 . This implies greater demand for public water supply. Table 1 revealed that only approximately nine out of the twenty LGAs have waterworks. In addition, from Figure 9 , it was observed that the waterworks which consistently recorded the highest supply of public water were Apapa, Ikoyi and Alausa which are medium income, high-income and mediumincome areas respectively (Figure 15) . Furthermore, waterworks which grossly undersupplied below 3,000 ML/yr (million litres per year) on the average were Shasha (2,903.96 ML/yr), Meiran (1,119.26 ML/yr), Idimu (2,010.89 ML/yr), Igando (1,562.82 ML/yr), Agege (28.77 ML/yr), Amuwo Odofin (1,385.73 ML/yr), Ijora Badia (1,725.21 ML/yr), Epe (2, 148.60 ML/yr), Epe Agric (705.75 ML/yr), Eredo (1,295.87 ML/yr), Badore (1,140.57 ML/ yr), New Ajegunle (650.34 ML/yr) and Ojokoro (1,297.16 ML/yr).
Trends in public water supplied and operational efficiency of each waterworks
In terms of operational efficiency, the waterworks with the highest operational efficiencies were Lekki Peninsula (38.05%), Apapa (34.66%), Ikoyi (34.43%). Dolphin (25.59%). VI Annex (22.14%) and Ajegunle (21.93%) as displayed in Figure 10 . The waterworks with the least operational efficiency were Epe (4.87%), Eredo (7.84%), Shasha (8.11%), Badagry (9%), Alausa (11.76%), Idimu (12.17%) and Igando (13.51%). A gradual decline in operational efficiencies was observed in all the waterworks which undermines the objective of Lagos Water Corporation to reach more population with public water supply. This ugly situation has the capacity to further widen the public water-supply-demand gap (Figure 16 ).
Evaluation of water demand and water supply-demand gap
Our results revealed occurrences of public water supply-demand variations and imbalances at temporal and spatial scales across the State in tandem with observations of Ali, Shafiee, and Berglund (2016) . In line with the observations of Ameyaw and Chan (2015) , potentials of existing urban water supply infrastructures were not fully utilized owing to mismatching of water supply and demand and the poor and declining operational efficiencies of the waterworks among other factors. As shown in Figure 11 , residential water demand was highest under the optimum access (OA) scenario, followed by national water standard (NWS) and upper limit of high-growth rate scenario and was least under the LGR (LL) and 3MGR (LL) scenarios (Figure 17 ).
Based on information given in Table 3 , the lower, middle and upper limits of the total annual public water demand covering residential, public institutional, industrial and commercial uses were The actual total annual public water supplied for the first scenario were 3,419.42, 3,216.24, 4,127.96, 5,039.68 and 5,951.4 ML/yr for 2013 3,419.42, 3,216.24, 4,127.96, 5,039.68 and 5,951.4 ML/yr for , 2020 3,419.42, 3,216.24, 4,127.96, 5,039.68 and 5,951.4 ML/yr for , 2030 3,419.42, 3,216.24, 4,127.96, 5,039.68 and 5,951.4 ML/yr for , 2040 3,419.42, 3,216.24, 4,127.96, 5,039.68 and 5,951.4 ML/yr for and 2050 as shown in Figure 18 . For the second scenario, the actual total annual public water supplied for the second scenario were 3,216.24 ML/yr for 2020-2050.
The total annual public water demand-supply gap for the first scenario depicted in Table 4 were 383.7-1,029.04, 611. 06-5,038, 5,190.5-14,747 and 16,135.1-30,928 ML/Yr for 2020 , 2030 , 2040 and 2050 respectively. For the second scenario shown Figure 15 , the total annual public water demandsupply gap for the were 383.7-1,029.1, 1,522. 8-5,949.7, 1,273.33-1,657.3 and 1,239.11-39,502 .1 ML/ Yr for 2020, 2030, 2040 and 2050 respectively. The 2026 water demand of 2,418.9 ML/D obtained by Ayeni et al. (2016) for Lagos State was within the within the ranges for water demand-supply gap obtained for the two scenarios for 2020 and 2030.
It was observed that the public water demand-supply gap approximately triples every ten (10) years for both scenarios. This implies that new waterworks must be constructed yearly to avert water crises within the State in the near future. The expansion and construction of new waterworks must at also be tripled yearly. The total number of waterworks to be constructed utilizing mini-waterworks of installed capacity of 2,755 ML/yr with minimum operational efficiency of 50% were estimated as 4, 12 and 28 to meet the demand-supply demand gap for 2030, 2040 and 2050 respectively. But if they operate at maximum operational efficiency, the number of mini-waterworks required are 2, 6 and 14. It must be borne in mind that at lower operational efficiencies, the number of miniwaterworks required will increase correspondingly. From Figure 19 , the percentages of total annual public water supplied to semi-urban, rural and urban areas from 2004-2013 were 80.01-89.12, 2.30-16.05 and 3.45-13.89% respectively. This demonstrates that the semi-urban areas took the largest share of the public water supply followed by rural areas while the urban areas received the least share of the public water supplied. This public water supply distribution is closely in line with the population distribution of 82.49, 10.40 and 7.11% for semi-urban, rural and urban areas in Lagos State (Table 5) .
Based on US$ 0.2-0.3 per m 3 cost of water supply (Hutton & Haller, 2004; WHO & UNCF, 2000) , approximately US$ 9,875,525 would be required to meet the 2050 water supply-demand gap maximum estimate of 39,502.1 ML/Yr.
Best practices to improve the performance of waterworks in Lagos State
LWC need to put in place and implement strategic planning to improve public water supply that will cover up to 2050 public water demands. Long-term planning was also advocated for by Fraga, Marques, and Medellin-Azuara (2016) while strategic planning and transdisciplinary approach was also advocated by Stoeglehner, Edwards, Daniels, and Narodoslawsky (2011), Serrao-Neumann, Renouf, Kenway, and Choy (2017) , Smith and Jenkins (2015) .
High-quality recruitment, staff motivation and training was also emphasized by International Labour Organizations Rajasekar and Khan (2013) and Alves, Muranho, Albuquerque, and Ferreira (2014) for improved organizational performance. Appropriate cost recovery measures and customer-friendly billing and payment options as advocated by Marson and Savin (2015) , WPP & ADB (2010) and WSP (2011) must be put in place and pursued by LWC for enhanced financial performance since government alone cannot finance its capital-intensive plans. Operational performance of each waterworks should be improved to optimize public water supply. Customer orientation and excellent customer service alongside performance benchmarking were recommended by Baietti, Kingdom, and van Ginneken (2006) , Carvalho and Marques (2011) to improve the operational efficiency of all the waterworks.
Massive water conservation campaigns should also be embarked upon by LWC to reduce water leakages as well as unaccounted for water losses (UFW) within the public water distribution network as well as losses at the point of usages by residential customers since they comprise approximately 70% of the total customer base and industrial/commercial and public institutional customers.
Also, monitoring teams should be set up to identify and facilitate replacement of corroded water pipelines which will also help reduce leakages and potential leakages in line with recommendations of Pietrucha-Urbanik (2015) while pilot studies should be put in place for se of mobile, wireless sensor network to collect and transmit flow measurements for leakage detection as suggested by Gong et al. (2016) .
While GIS is utilized to ensure equitable and optimized location and distribution of public water, coverage benchmarks should be set for existing and planned waterworks with appropriate monitoring.
For areas that will not be reached with reticulated/piped water until the middle and long-term, public community boreholes should be constructed and should be evenly spread among those communities to alleviate water stress in those areas. In such areas, community-public partnership could be implemented in line with recommendations of Adams and Zulu (2015) . Owing to the increased dependence on groundwater for public water supplies, comprehensive research and data collection should be sponsored by the agency and Lagos State Government in order to ensure sustainable groundwater management and avoid over-exploitation. This is in agreement with the recommendations by Rusinga and Taigbenu (2005) and Ni, Liu, Tan, and Deng (2010).
In addition, owing to the location of the waterworks in densely-populated residential areas and groundwater exploitation for public water supply purposes, regular monitoring of the health risk assessment of groundwater aquifer should be carried out in line with the recommendations of Sojobi (2016) and Aliewi and Alkhatib (2015) in collaboration with the academia to alert and mitigate any unwanted health risks.
Online database management system and metering for all the various waterworks as advocated by Jaladhi, Dhruv, Utkarsha, and Mahroof (2016) and Omole et al. (2016) should be put in place also.
Conclusions
Public water supply is a herculean task which is indispensable to sustain the economy, competitiveness and quality of lives of cities in developed and developing countries. Estimates of public water supply demand-gap varies with population growth rate assumptions and should be evaluated taking into consideration the maximum, middle and minimum limits to guide effective decision-making.
Under low-, medium-and high-growth rates, 2050 population forecast of Lagos State was estimated as 26,459,212 million, 36,533,819 million and 215,128,155 million. Evolution of the dynamics of the LGAs based on population size revealed that almost all the LGAs would be urbanized by 2050. The water-supply-demand gap was estimated as 16,135.1-39,502.1 ML/Yr which would require investment funding of between US$4, 033, 775-US$ 9,875,525 to meet this gap.
It is recommended that proactive steps should be taken by the LWC to improve the operational efficiency of the existing waterworks and also reduce leakages in the public water distribution system.
Further research is required to ascertain the groundwater abstraction potential of the aquifers within Lagos State to guide the siting of the location and operation of the mini-waterworks. In addition, further researches are also required on sustainable funding and cost-recovery options for Lagos State public water supply. Also, additional researches are required to determine the significant factors influencing water demand and impact of migration on water demand.
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